This study estimates the short run and long run cash crop output volatility equations in Nigeria. Time series data derived from FAO data base for Nigeria and publications of Central Bank of Nigeria (CBN) covering the period 1961 to 2010 were used in the study. Unit root tests conducted on the specified time series showed that all series were integrated of order one at 1% probability level. The GARCH (1, 1) model was used to generate the cash crop output volatility for Groundnut, Cotton seed, Cocoa Rubber and Palm oil. The short-run and long-run elasticities of cash crop output volatility with respect to the specify explanatory variables were determined using the techniques of co-integration and error correction model estimation based on Ordinary Least Squares. The empirical results revealed that the nominal inflation rate, nominal exchange rate, loan guaranteed by ACGSF to cash crop sector, harvested hectare of cash crop and import substitution policy era influenced output volatility of cotton, groundnut, cocoa, rubber and palm oil in both short and long run periods in Nigeria. The study advocated for appropriate short and long term policy packages that should focused on the moderation of the identified significant macroeconomic shifters of cash crop output volatility in the country. Also attention should be directed towards improving the quality of land allocated to cash crop sub sector. Furthermore, the long run agricultural policies embedded in the import substitution policy should be use as basis for regulating cash crop output volatility in Nigeria.
Also, government has employed numbers of monetary policy measures to increase agricultural production and at the same time curb inflation. Direct monetary control techniques were employed in the pre-SAP period. In the SAP period (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) , indirect monetary measures were used which included the deregulation of interest rates and increase in commercial banks among others. In the post-SAP period (1994 to date), administratively controlled measures and guided deregulation policies were adopted (Anyanwu et al., 1997) . Apart from the monetary policies, the government also employed some fiscal policy measures to ensure full employment of resources in the agricultural sector. The measures include tax holidays, tariff protection, import duty relief, bans on certain food imports and the provision of credit facilities.
Despite these incentives, it is observed that several agricultural policies periods as well as programmes implemented by the federal government of Nigeria accompanied cash crop output variability (CBN, 2010) . For example, the rate of cocoa output volatility decreased from 36.4% in the period [1971] [1972] [1973] [1974] [1975] [1976] , fluctuating over the years to 4.20% in 1980 4.20% in -1985 4.20% in , then increased to 61.60% in 1986 4.20% in -1989 4.20% in (Garba, 2000 . Although, sustained growth is a rare achievement, especially in the sub Saharan Africa (Malik & Jonathan, 2009); Agénor et al., (2000) relates output volatility to policy inconsistency in developing countries. Essang (1973) and Muroi (1989) also correlate crop output volatility in Nigeria to poor policy on technology and land use Acts. In a similar way, several empirical evidences relate output volatility to inflation rate. Fountas et al., (2006) ; Andreou et al., (2008) , and Narayan et al., (2009) found evidence of negative effect of inflation on output volatility. Also, Coulson and Robins (1985) found evidence of positive effect while Jansen (1989) reported neutral relationship between the variables. However, provided a comprehensive study on food crop output volatility behavior in different agricultural policy programme periods in Nigeria covering the period 1961 to 2009. He used GARCH (1,1) model to generate respective food crop output volatility. His results revealed that Pre-Operation Feed the Nation period (1961) (1962) (1963) (1964) (1965) (1966) (1967) (1968) (1969) (1970) (1971) (1972) (1973) (1974) (1975) (1976) and Structural Adjustment Programme (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) period were the most volatile sub periods for most food crop outputs in the country. Whereas, food crop outputs were most stable during the Operation Feed the Nation period (1976) (1977) (1978) (1979) and Green Revolution period (1980) (1981) (1982) (1983) (1984) (1985) . Also, the mean food crop outputs showed progressive growth rate across the policy programme periods since 1961, and were best during the Post Structural Adjustment period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) . Jordaan et al., (2007) in South Africa, used standard error of the ARIMA process as the measure of volatility of prices of wheat and soybeans and found that volatility in the two crops was constant over time.
Surprisingly, the direct impact of agricultural policies and some key macroeconomic variables on crop output volatility in Nigeria has received limited attention in the empirical literature; in spite that increase output was among the primary goals of most past and present agricultural policies (Ukoha, 2007; Udoh & Akpan, 2007; Akpan & Udoh, 2009a; Akpan & Udoh, 2009b) . The knowledge of the crop output volatility relative to any agricultural policy and the working of some key macroeconomic variables under quasi market -oriented economy like Nigeria is imperative. Crop output volatility is an indispensable input to both agricultural policy makers and farmers especially on the pattern of decision making. Increase positive crop volatility could be an indication of the stimulating effect of the existing agricultural policy and or other economic policies in operation. But some economists argue that increase in output volatility could increase farmers' income risks and uncertainties due to anticipating price volatility (Young & Shields, 1996; Ukoha, 2007) . Resource allocation efficiency among farmers could be enhanced as a result of increased in output volatility in a given policy regime provided there is a guarantee minimum price for output of crops. Therefore, following the important of output volatility and its mixed correlation with other variables in the economy, the study specifically establish the statistical relationship among cash crop (cotton, groundnut, cocoa, rubber and palm oil) volatility and agricultural policy periods as well some macroeconomic variables in Nigeria.
Measuring Cash Crop Output Volatility
The GARCH model of the form GARCH (p, q) t for which p, q = 1 was specified and used to generate volatility for cash crop outputs in Nigeria. It was found that simple GARCH (1, 1) process as specified in equation (2) provided a good approximation of the data generating process for Groundnut, Cotton seed, and Cocoa enterprises. However, Taylor and Schwert's GARCH (1, 1) as specified in equation (3) was appropriate for Rubber and Palm oil enterprises. The annual cash crop output was assumed to follow a primitive first-order autoregressive (AR) (1) process as follows;
Where (Y t ) is the output of cash crops (Groundnut, Cotton seed, Cocoa Rubber and Palm oil) and υ is the stochastic disturbance term. The general assumption is that disturbances from Equation (1) are not auto correlated. Therefore, equation 1 is the mean equation from which the GARCH process was derived as shown in equations (2) and (3).
Equation (2) shows that the conditional variance of the error term in equation (1) which is a proxy of output volatility (Vol t ) at period 't' is explained by the past shocks or square of error term (ARCH term i.e. ε t-1 ) as described in equation (1) and past variance or volatility term (the GARCH term i.e h t-1) . For equation (2) and (3) to be stationary, δ > 0, α ≥ 0, β ≥ 0 and the persistent of volatility shocks (α +β) should be less than 1. As the sum of α and β becomes close to unity, shocks become much more persistent (Bollerslev, 1986) . The inclusion of the lagged conditional variances captures some sort of adaptive learning mechanism (Bollerslev 1986 , Crain and Lee 1996 and Yang et al., 2001 . The estimates of equation (2) and (3) were used to test the persistence of volatility in the selected cash crop in the study period.
Material and Methods

Study Area and Data Source
The study was conducted in Nigeria; the country is situated on the Gulf of Guinea in the sub Saharan Africa. Data used in the study were from FAO crop production database for Nigeria and publications of the Central Bank of Nigeria (CBN) and National Bureau of Statistics. The data covered the period 1961 to 2010.
Analytical Techniques
To investigate factors that influence cash crop output volatility in Nigeria generated in equation 1, the following empirical model was specified based on the objective of the study.
Vol t = δ 0 +δ 1 LnEXCHANG t + δ 2 LnINFL t +δ 3 LnLoan t + δ 4 LnHect t +δ 5 Dummy+U t (4)
Where:
VOL t = cash crop output volatility (Groundnut, Cotton seed, Cocoa Rubber and Palm oil) generated from the GARCH models shown in equation 1 and 2.
EXCHANG t = nominal exchange rate of naira for dollar (N/$)
Loan t = loan guaranteed by Agricultural Credit Guarantee Scheme fund (Nm) to cash crop sub-sector. (Note from 1961 to 1977 the scheme did not exist so we used 1 during this period)
INFLt = annual inflation rate in Nigeria (%)
Hect = annual harvested hectare of respective cash crop enterprise D = dummy variable which takes the value 1 during import substitution period , and 0 otherwise .
U t = stochastic error term and ~ 0, .
We choose import substitution period (covering 1961-1985) or pre SAP period because most agricultural policies and programmes, monetary as well as fiscal policies that affect cash crop production were initiated and implemented during this era. Examples are Regional marketing Board (1946 Board ( -1976 ; National commodity Board in 1977; Operation Feed the Nation (OFN), and Green Revolution (GR).
Results and Discussion
The estimates of the GARCH models are presented in Table 1 . The time varying pattern of the cash crop output volatility was confirmed because at least one of the coefficients of the GARCH models was significant for all the 5 cash crop enterprises. The sum of α and β measures the persistence of cash crop output volatility. In all the 5 cash crop enterprises the sum of α and β was close to but less than unity, thus implying the persistent volatility effect of shocks on cash crop output volatility in Nigeria. The GARCH parameters were significant at various levels of probabilities for the cash crop enterprises. Exception of cocoa enterprise, the β coefficient was significant in Groundnut, Cotton seed, Palm oil and Rubber enterprises.
Unit Root Test for Variables Used in the Analysis
To ascertain the stationarity of the variables specify in the model, the standard Augmented Dickey -Fuller test and ADF-GLS tests were performed. Test statistics for each variable in levels and first differences are presented in Table 2 . The test result reveals that at level, all variables (in log) used in this study were non-stationary; but stationary at first difference and are therefore integrated of order 1 {i.e.1 (1)}. We cannot therefore specify equation 4 in the level of the variables without the risk of obtaining spurious regression.
The existence of the cointegration between the cash crop volatility and the regressors was determined. The Engle-Granger two-step procedure was adopted to test for cointegration (Gujarati, 2004) . The order of integration of the residuals generated from equation (4) for each of the 5 cash crop enterprises were evaluated and were found significant. Consequently, the existence of cointegration with respect to the regressands and regressors in each of the 5 cash crop enterprise equations (i.e. equation 4) could not be rejected. Table 3 presents the results of the long-run (static) regression, while Table 4 shows the order of integration of the residuals generated from static models. The results in Table 4 suggest that the variables in equations 4 specify for the 5 cash crop enterprises are co-integrated. The implication of the result is that an error correction specification would provide a better fit for equation 4 in all the 5 cash crop enterprises than would be the case without it. Note: OT means order of integration. Critical value (CV) is defined at 1% (**) and 5% (*) probability levels. Variables are as defined in equations (4).
Selecting Optimal Lag-length for the Co-integrating Series
To estimate the error correction model, an optimal lag length was determined for the specify variables. The www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 9; Akaike criterion (AIC), Schwarz Bayesian criterion (SBC) and Hannan -Quinn criterion (HQC) were used to select appropriate lag length for the cointegrating series. The test results as shown in Table 5 reveal that the optimum lag length appropriate for generating a more interpretable parsimonious ECM model for the specified variables was at the first lag for Cotton seed, Groundnut, cocoa and Rubber crop volatility equation. For Palm oil the optimum lag length was at lag 2 indicated by the asterisks among the information criteria. 
Error Correction Model for Cash Crop Volatility in Nigeria
Following the Granger Representation Theorem, we specify the ECM model for the cointegrating series in the study. The primary reason for estimating the ECM model was to capture the dynamics in the cash crop output volatility equations in Nigeria in the short-run and identify the speed of adjustment as a response to departure from the long-run equilibrium. The general specification of the ECM that was estimated for the cash crop output volatility in Nigeria is shown below:
ΔVol t = δ 0 + δ 1 ΔLnVol t-1 + δ 2 ΔLnEXCHANG t-2 + δ 3 ΔLnINFL t-2 + δ 4 ΔLnLoan t-2 + δ 5 ΔLnHect t-2 + δ 6 Dummy +
The variables are as defined previously in equation (4). To obtain a parsimonious dynamic ECM for the cash crop output volatility in Nigeria, the study adopted Hendry's (1995) approach in which an over parameterized ECM model was initially estimated and then gradually reduced by eliminating insignificant lag variables until a more interpretable and parsimonious ECM model was obtained. The result of the exercise is presented in Table  6 .
The results revealed that coefficients of the error correction term (ECM) was negative and statistically significant at 1%, 5%, 1%, 1% and 1% probability levels for Cotton seed, Groundnut, Cocoa, Rubber and Oil Palm equation respectively. The results validate the existence of a long-run equilibrium relationship among the time series in each of the cash crop volatility equation, and also indicate that the cash crop volatility in Nigeria is sensitive to the departure from it equilibrium value in the previous periods. The negative sign implies that, in the absence of variation in the independent variables, the model's deviation from the long run relation is corrected by increase in the dependant variable. For instance, the estimated coefficient of the ECM t-1 is -0.92 for Cocoa suggesting that in the absence of changes in the explanatory variables, the deviation of the model from the long-term path is balanced by 92 per cent increased in Cocoa output volatility per year. The diagnostic tests for the ECM model for each crop enterprise indicate satisfactory results. This implies that the specified explanatory variables are important determinants of cash crop output volatility in the country. The information criteria, RESET test and the normality tests for each cash crop enterprise confirm the correctness of Ordinary Least Squares estimation technique.
www.ccsenet.org/jas Journal of Agricultural Science Vol. 4, No. 9; 4.49(0.11) 11.10(0.00)*** 1.03(0.59) 1.78(0.41) 6.18(0.05)** Note: Asterisks *,** and *** represent 10%, 5% and 1% significance levels respectively. Variables are as defined in equation (5).
For Cotton Enterprise:
The empirical results showed that the nominal exchange rate (EXCH t ) and the value of loan guaranteed by ACGSF to cash crop sub-sector had significant negative relationship with the cotton output volatility in the short run. However in the long run, the variables had significant positive effect on cotton output volatility. Also, the slope coefficient of harvested area of cotton adversely influenced Cotton output volatility in both short and long run periods. One of the possible reasons for the result is the effect of population pressure and increased in urbanization on plantation crops. Most Cotton plantation estates in the country were encroached by human activities which lead to the relegation of the crop to area of marginal production. On the other hand, the coefficient of import substitution period (Dummy) exerted a significant positive impact on Cotton output volatility in the long run. This means that Cotton output volatility increases during period of import substitution in Nigeria.
For Groundnut Enterprise:
The ECM model reveals that the nominal exchange rate, loan guaranteed by ACGSF to cash crop sub sector, harvested hectare of groundnut and pre-SAP policies are significant negative determinants of groundnut output volatility in the short run in Nigeria. The result implies that, in the short run period increased in these variables reduce the tendency of increase groundnut output volatility in the country. The result could probably be explained by the activities of marketing board that was responsible for buying groundnut from farmers and selling same to foreign merchants. Conversely, in the cointegration model the impact of nominal exchange rate, loan guaranteed by ACGSF to cash crop sub sector and harvested hectare of groundnut as well as pre-SAP policies on groundnut output volatility were significant and positive. We believe that the result is associated with the increase in domestic utilization and favorable tariff rate regime on groundnut and its derivatives that was imported into the country.
For Cocoa Enterprise:
The result from the ECM model reveals that the lag coefficient of cocoa output volatility is positive and statistically significant. This indicates that the past period of cocoa output volatility affects the current period volatility. This is consistent with the ARCH model by Engle and Watson (1981) , which postulates that volatility in the current period is related to its value in the previous period. The result also reveals that the increase in the nominal exchange rate in both short and long run models reduces cocoa output volatility in the country. Contrary, the coefficient of loan guaranteed by ACGSF to cash crop sub-sector stimulated output volatility of cocoa in both periods respectively. Similar results were obtained for harvested area of cocoa. The coefficient of import substitution variables had a positive correlation with cocoa output volatility in the long run. This implies that cocoa output volatility in the long run increases significantly during period of import substitution in Nigeria.
For Rubber Enterprise: The ECM estimates reveal that the coefficient of harvested hectare of rubber was a negative determinant of rubber output volatility. In the long run model, volatility of rubber had an inelastic significant negative relationship with respect to the nominal exchange rate and inelastic significant positive effect with respect to harvested hectare of rubber. It appears that harvested hectare of rubber is the major determinants of rubber output volatility in Nigeria.
For Palm Oil Enterprise: The coefficient of loan guaranteed by ACGSF, harvested hectare of Palm Oil and pre-SAP policy period are negative and statistically significant in the short run indicating that Palm Oil volatility decreases during period of import substitution in the country. The result in addition, reveals that inflation rate positively shifted the Palm Oil output volatility in the short run. This implies that increases in inflation rate lead to increase in Palm Oil output volatility in the short run. This could be due to increase in domestic demand as a result of decrease in the price of domestic palm oil in expense to foreign substitutes. However in the long run, the Palm Oil output volatility varies directly with the nominal exchange rate and harvested hectare of Palm Oil in the country.
Conclusion
The study identifies significant factors that influence cash crop output volatility in Nigeria. The major cash crops consider were; cotton seed, groundnut, cocoa, rubber and Palm oil. Time series data derive from FAO data base for Nigeria and publications of CBN as well as National Bureau of Statistics covering the period 1961 to 2010 were used in the study. Unit root on the specified variables confirm the presence of co-integration among the series implying the presence of a long-run equilibrium relationship. The long run and ECM models for the cash crop output volatility were estimated using the specified variables. The error term from the ECM model for each of the cash crop enterprise equation had the appropriate negative sign and was statistically significant at various probability levels indicating a quick convergence to equilibrium in each period, with intermediate adjustments captured by the differenced terms. The findings show that the inflation rate, nominal exchange rate of naira for dollar, harvested hectare of cash crops and loan guaranteed by ACGSF to cash crop sector as well as the agricultural policy content of import substitution period interact in each period to re-establish the long-run equilibrium in cash crop output volatility following a short-run random disturbance in the individual cash crop output volatility equation in the Nigeria's economy. The empirical results derived following the estimation of the long run and short run cash crop output volatility equations in Nigeria reveal mixed and inconsistence impacts of explanatory variables on cash crop output volatility in the country. It also seems that harvested hectare of cash crop is the major determinant of output volatility among cash crops in Nigeria. Following the results of the study, we recommend that government should formulates appropriate short and long term policy packages that should focused on the moderation of the identified significant macroeconomic shifters of cash crop output volatility in the Nigeria's economy. Government should strengthen the institutional framework responsible for disbursement of credit to cash crop sub-sector in the country. Also attention should be directed towards improving the quality of land allocated to cash crop sub-sector by adopting appropriate soil management technique. Furthermore, in the long run, agricultural policies embedded in the import substitution policy framework should be the basis for regulating cash crop output volatility in the country.
